P ulmonary artery (PA) catheters are helpful in guiding therapy and improving outcome in certain critically ill patients because the catheters allow hemodynamic and pressure monitoring (1) . However, these benefits often are compromised by serious complications secondary to PA catheterization. Among these complications is infection, which can range from colonization of the catheter to septicemia. The incidence of positive PA catheter-tip cultures, identified by various culture techniques, is reported to range from 5.8% to 33.3% (2) (3) (4) (5) (6) (7) . The risk of developing catheter-related sepsis has been shown to vary from 0.3% to 0.5% per day per catheter (8) .
For the purpose of infection control, the replacement of PA catheters at least every 5 days and the replacement of the pressure monitoring system at least every 4 days has been strongly recommended by the Hospital Infection Control Practices Advisory Committee for all hospitals (9) . However, previous studies on the relationship between PA catheter replacement interval and infection rate suggest that the PA catheter can be changed every 4 -7 days without a significant increase in infection rate in patients in the intensive care unit (ICU) (10 -11) . A prospective, randomized trial found no increase in the rate of infection with long-term PA catheter maintenance, with or without weekly replacement of the catheter (8) . It is still debatable if a prolonged interval (e.g., 7-day) before PA catheter replacement may increase the rate of infection or colonization in critically ill patients in an ICU. The purpose of this study was to evaluate the incidence of infection or colonization induced by PA catheters and pressure monitoring systems, with scheduled 4-day or 7-day replacement, in patients with critical illness in ICUs.
MATERIALS AND METHODS
Patients. The procedures of this study were approved by the Department of Medical Research and Education of the 2,700-bed teaching hospital. Over a 12-month period, a total of 258 patients in critical condition, who underwent insertion of a PA catheter in a 42-bed surgical and medical ICU, were enrolled pro-spectively. The PA catheters were inserted for the following indications: acute respiratory failure (n ϭ 108), major surgery (n ϭ 88), severe sepsis (n ϭ 81), acute heart failure (n ϭ 27), and acute renal failure (n ϭ 22). Patients were excluded from the per-protocol analysis if they had stable hemodynamic data and their catheter was removed earlier than planned (condition improved, 9 cases; transferred to ward, 21 cases; discharged against advice, 9 cases) or if they died before completion of the study (36 cases). Antibiotics were given to 93% of the patients. If a nosocomial primary bloodstream infection (incidence of infection significantly higher than regular monitoring incidence) was detected, it would lead to the end of the study.
Patients who were enrolled in the study were randomized into two groups, with the PA catheter and transducer system replaced either every 4 days or every 7 days, to determine the effect of time of replacement on catheterassociated infections. The dates of PA catheter insertion, replacement, and removal were recorded. The demographic data of the patients enrolled in the study included age, gender, ICU department (medical or surgical), severity of disease as evaluated by Acute Physiology and Chronic Health Evaluation (APACHE) II scores (12) , underlying illnesses, reasons for transferring to the ICU, occurrence of central venous catheterization before PA catheterization, use of other invasive instrument techniques, length of stay before entry into the ICU, and length of stay in ICU care. The catheter-associated risk factors also were recorded and included timing of catheter replacement, person who inserted the catheter, where the catheter was inserted (ICU or operating theater), difficulty of catheter insertion, number of tubing, and duration of catheterization.
Procedure for Insertion and Care of Catheters. All PA catheters (Swan-Ganz 131-7F; Baxter Healthcare Corporation, Irvine, CA) were placed through an 8.5-Fr percutaneous introducer sheath, with an external protective plastic sleeve that covered the extravascular portion of the PA catheter. PA catheters were inserted via an internal jugular site by senior residents or anesthesia physicians who wore masks and sterile gowns and gloves and used large sterile drapes for the procedure. The Seldinger technique was used for every new insertion. The skin insertion site was first disinfected with 70% alcohol and then scrubbed with 10% aqueous povidone-iodine solution for at least 30 secs before the needle and catheter were inserted. After the catheter was inserted, sutures were placed at the skin insertion site, the skin was scrubbed with povidone-iodine solution, and a sterile transparent dressing (Tegaderm, 3M, MN) was applied. No topical antimicrobial ointment was applied to the insertion site.
The tubing was changed every 72 hrs by a registered nurse. The nurse would apply povidone-iodine solution to the skin site and catheter; cleanse, disconnect, and swab the hub with povidone-iodine solution; and change the tubing. The hub of the catheter was used to connect the PA catheter to the tubing for intravenous infusion and was not used for collection of blood samples. Hyperalimentation was administered only through dedicated catheter ports. Soiled dressings were changed immediately, and the skin insertion site was examined every day for signs of inflammation. When the PA catheter was replaced, the insertion site for the new catheter was changed. The PA catheter was removed when a patient's condition improved, when the patient was transferred to the ward, or when he or she was discharged against advice. All workers included in this study were well trained in the standard procedures for care during PA catheter insertion and in the method of collection of samples for the different cultures.
Sample Collection and Culture of Microorganisms. The protocol for removing the PA catheter required thoroughly preparing the external catheter and surrounding skin. The PA catheter was carefully withdrawn to avoid contact with the skin. Upon removal of the PA catheter, a 5-cm segment from the most distal end of the tip of the catheter was cut off and placed in a sterile container. Blood from the PA catheter was collected at the time of catheter insertion and before removal of the catheter. Skin samples were taken for culture, followed by disinfection with 10% povidoneiodine solution and placement of a new dressing, at least every 2-3 days, or when needed. After removal of the catheter, a sample of the infusate (1-2 mL) was obtained from each tube connecting to the catheter and was transferred to a culture plate for incubation. Peripheral blood was obtained for culture whenever fever (oral temperature of Ն38.5°C) was noted. The roll-plate semiquantitative method (13) was used for culture of all PA catheter tips; colonies were counted after 48 hrs and identified. By using the disk diffusion method (14) , the bacteriology laboratory of the teaching hospital carried out antibiotic susceptibility tests on blood cultures from either the catheter or peripheral sites. The skin and infusate cultures were identified by an automated system (MicroScan WalkAway-96, Sacramento, CA).
Definitions. Positive cultures were evaluated by an infection control nurse in the Infection Control Department and reviewed by a physician in the Infectious Diseases Section. PA catheter-tip colonization was defined as isolation of Ն15 colony-forming units (CFU) from a PA catheter tip by using the roll-plate semiquantitative culture technique (15, 16) . Bacteremia was defined as microorganisms isolated from blood at a peripheral site without another obvious infection focus. Catheterrelated bacteremia was defined as the isolation of microorganisms from both peripheral blood and from a catheter-tip culture growing Ն15 CFU that were the same species and with the same antibiogram when there was no other overt source for the bacteremia except the PA catheter. Infusate-related bacteremia was defined as the isolation of the same microorganisms cultured from both the infusate and the peripheral blood, with no other identifiable source of infection. Inflammation at the catheter insertion site was defined as the presence of at least two of the following signs: erythema, tenderness, increased warmth, and induration. Local infection was defined as purulence within 2 cm of the skin at the insertion site of the catheter.
Data Analysis. The primary analysis was carried out on an intention-to-treat (ITT) basis; a per-protocol analysis also was performed by using data from the patients in whom the target was reached. Our hypothesis was that prolonging replacement of the catheter and pressure monitoring systems to 7 days would not increase the risk of colonization and/or infection. By using a previous calculation of sample size for this study, which was based on a previous study (11) , and a routine component surveillance of the ICU, we used ␣ ϭ .05, power 80%, and a 1:1 ratio (4-day vs. 7-day), and the expected frequency of catheterassociated complications was 5% in the 4-day group and 18% in the 7-day group. The estimated total sample size was 216 patients. Categorical variables were evaluated by using the chi-square test or the Fisher's exact test when appropriate. The Student's t-test or MannWhitney U test was applied to assess differences in group means or medians of continuous variables. SPSS 10.0 software for MS windows (SPSS, Chicago, IL) and Epi Info 6.02 (USD, Stone Mountain, GA) were used for the statistical analysis of the odds ratio (OR) of infections and the 95% confidence interval (CI). A p value Ͻ.05 by a two-tailed test was considered to indicate statistical significance.
RESULTS
Characteristics of Patients. In this study, 258 patients were randomly assigned to two groups before PA catheter insertion. Of the 258 patients, 35 patients (26.3%) in the 4-day group and 40 patients (32%) in the 7-day group were excluded from the per-protocol analysis (see Materials and Methods for details). The goodness of fit analysis between patients who remained in the study and those who were excluded for protocol violations, based on the analysis of clinical characteristics and risk factors, demonstrated no significant differences (p Ͼ .05) between the two groups. The perprotocol analysis included 98 patients (73.7%, 98 of 133) in the 4-day group and 85 patients (68%, 85 of 125) in the 7-day group during the 1-yr study period (Fig.  1) .
No statistically significant differences in demographic data or clinical risk factors between patients included or ex- (Table 1) . Table 2 lists the characteristics of the catheters used. The mean duration of PA catheterization per patient was 7.8 days in the 4-day group and 9.7 days in the 7-day group (p ϭ .002); the mean number of days each catheter was used was 4.8 days in the 4-day group and 6.5 days in the 7-day group (p Ͻ .001).
Incidence of Infections. As shown in Table 3 , the frequency of positive cultures from different sources between the 4-day and 7-day groups was not significantly different in the ITT analysis (p Ͼ .05). Table 4 shows the incidence of positive culture of microorganisms isolated from the PA catheter tip, PA catheter blood, peripheral blood, infected skin, and infusate. No statistically significant differences in total numbers of infections or colonizations, including bacteremia, tip colonizations, or combinations, were found between the 4-day group (17.3%, 17 of 98) and the 7-day group (28.2%, 24 of 85). Inflammation at the catheter insertion site was found in the 4-day and 7-day groups (2 of 98 vs. 2 of 85, respectively). Five patients (5.1%) in the 4-day group (6.4 episodes/1,000 catheter-days) and 12 patients (14.1%; OR, 3.06; 95%, CI 0.94 -10.48) in the 7-day group (13.8 episodes/1,000 catheter-days; incidence density ratio 2.17; 95% CI, 0.71-7.07) had positive PA catheter-tip colonizations. Bacteremia was found in seven patients (7.1%) in the 4-day group and nine patients (10.5%) in the 7-day group (OR, 1.54; 95% CI, 0.50 -4.85). In the 7-day group, the PA catheter-related bacteremia was found in one patient (1.1 episodes per 1,000 catheter-days) vs. no patients in the 4-day group. The number of patients with bacteremia at the time of death was five (5.1%) in the 4-day group and one (1.2%) in the 7-day group (p Ͼ .05).
By using the ITT basis and the perprotocol analysis, we found no statistically significant difference between the rate of PA catheter-associated infection or colonization and the disease severity evaluated by APACHE II scores in either group. During the study period, no major mechanical complications, such as pneumothorax or hemothorax, were noted. Algorithm describing the assignment of study subjects. A total sample of 258 subjects was randomly studied. 
DISCUSSION
Previous studies of PA catheters have shown that the risk of infection increases with the duration of catheterization (5, 11, 17) , although some reports have found no such association (3, 8, 18) . Four studies have found that the incidence of infection increases with use of the same PA catheter for Ͼ4 days (19 -22) . In two prospective studies, central venous and PA catheters were randomized to regularly scheduled replacement at 3 days (23) or 7 days (8) vs. no routine replacement. In both studies, the incidence of catheter colonization and bloodstream infection was not significantly different.
In our study, there were statistically significant differences in the length of time between replacement and the total duration of PA catheters in the 4-day and 7-day groups, which allowed us to compare the relationship between the time of catheter replacement with the occurrence of catheter-associated infections.
Based on the ITT analysis and the per-protocol analysis of PA catheterassociated infections, including PA catheter-tip colonization, bacteremia, catheter-related bacteremia, and local infection, we demonstrated that the incidence of infections or colonization was not significantly different between the 4-day and 7-day groups of severely ill patients in the ICU.
Four studies found a significant association, when using multivariate analysis, between prolonged catheterization and an increased risk of PA catheter colonization (2, 5, 11, 19) . Our data, however, showed that the incidence of positive catheter-tip colonization of both groups was not significantly different. There was a tendency of increased colonization of the tip of the PA catheter in the 7-day group (14.1%, 12 of 85) compared with the 4-day group (5.1%, 5 of 98); there was a 9% absolute difference in the rate of colonization. Preventing catheter-tip colonization is the most important strategy against primary bacteremias; with the prolonged catheterization period, the chance for the microorganisms to enter the bloodstream increases dramatically. Thus, the catheter should be removed immediately when it is no longer required for patient care or when the patient has an unexplained fever.
The actuarial risk of PA catheterrelated bloodstream infection is very low (11) demonstrated that the rate of PA catheter-related sepsis increased almost significantly after 7 days of placement in critically ill cancer patients. Similarly, a previous study conducted by using a prospective, randomized trial showed no increase in infection rate, even if the catheter was replaced, on average, every 9 days (8) . Both studies support the results of our study. Catheter-related bacteremia did not occur in the 4-day group, which is consistent with the rate of infection reported in previous studies (4, 5, 17, 24) , and there was only one patient with catheter-related bacteremia in the 7-day group. The results of Eyer et al. (8) are similar to our findings. In the present study, the incidence of bacteremia in the 4-day group (7.1%) and the 7-day group (10.5%) was higher than that observed in previous reports (5, 7, 18, (25) (26) (27) (28) . The sources of most primary bloodstream infections are unknown (29) . According to our definition, we were unable to directly confirm that PA catheterization caused the bacteremia. Moreover, the mean scores of APACHE II in the two populations were Ͼ28. The positive infusate cultures produced 1-20 CFU/mL, and clinical features were not consistent with bloodstream infection. These results may be related to contamination of the infusate during sampling.
The economic impact of interventions is becoming increasingly important in health care (30) , but few studies have examined the economic impact of replacing PA catheters after 4 or 7 days. Changing PA catheters less often may substantially increase cost-effectiveness. In our study, which included 183 patients, the total number of days a PA catheter was in place was 851, and the total number of catheters used was 212, which would be reduced to 121 if the PA catheter was replaced every 7 days. This management would reduce PA catheter use in our ICU by 182 in one year and would result in a savings of about US $43,146 without taking into consideration the decrease in manpower costs.
Our study has certain potential limitations. First, over a 12-month period, 331 catheters were inserted in 258 patients. However, some patients were excluded from the per-protocol analysis (e.g., they had stable hemodynamic data and their catheter was removed earlier than planned or they died before completion of the study). The sample size may not have enough power to allow detection of differences in the rate of infections between both groups. However, no statistically significant differences in demographic data and clinical risk factors were detected between those patients included in the analysis and those who were excluded. Second, the rate of PA cathetertip colonization may be underestimated because the indwelling introducer sheath was not cultured. This should not have much effect on the comparison of the two groups. Third, molecular subtyping was not performed on the bacteria that were cultured; therefore, concordance between the isolates from different sites could not be determined beyond the species and antibiotic resistance profile.
CONCLUSIONS
No statistically significant differences were found in PA catheter-associated complication rates between the 4-day and 7-day replacement interval groups, but the rates of PA catheter-tip catheter colonization and infections were slightly more frequent in the 7-day group compared with the 4-day group. Prolonging the interval between PA catheter replacement requires careful examination for signs and symptoms of infection. The interval before PA catheter replacement can be extended to 7 days if there is no evidence of catheter-related infection. Fu- 
